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Abstract-In this paper, a miniaturized dual-band bandpass 
filter using the half-wavelength (>.12) spiral-resonators and loaded 
open-stubs with a spiral-coupled scheme is proposed. The mech­
anism of the dual-band operation is shown as follows. The first 
passband resonance is employed by the fundamental resonant­
mode (i.e., h) of the >.12 spiral-resonator. Meanwhile, the loading 
effect introduced by the loaded open-stub could shift the first­
spurious (i.e., h) of the >.12 spiral-resonator downward, which 
leads to a finely adjusted second passband resonance. Then, 
based on the >.12 spiral-resonators with loaded open-stubs men­
tioned above, the spiral-coupled scheme is implemented, which 
employs a strong enough passband enhancement around the dual­
resonances to achieve the dual-band bandpass filter. Besides, the 
loaded-tapping scheme could produce five transmission zeros, 
which can not only enhance the dual-band passband selectivity, 
but also extend the upper stopband bandwidth with a good 
rejection level. To verify the mechanism above, a dual-band 
bandpass filter operated at 1.035 and 1.56 GHz is designed, 
implemented, and fabricated. A good agreement between the 
simulation and measurement is achieved. 
Index Terms-Bandpass filter, dual-band, spiral-resonator, 
loaded open-stub, spiral-coupled scheme. 
I. INTRODUCTION 
Dual-band bandpass filter is one of the critical key com­
ponents in the dual-band wireless communication system. 
Therefore, various structures have been developed to meet the 
ever-increasing practical application limits [1]-(10). The dual­
mode ring resonator with a compact size and easily adjusted 
dual-resonances has been widely employed for the dual-band 
bandpass filter design [2]-[4] with a relatively narrow upper 
stopband. To extend the upper stopband bandwidth of the dual­
band bandpass filter, the stepped-impedance resonator (SIR) 
has been employed [5]-[8]. However, the sizes of these filters 
are relatively large. Recently, the embedded spiral resonator 
(ESR) [9], comb-loaded resonator [10], and circular cavity 
[11] are introduced to implement filters with good dual-band 
frequency responses. Nevertheless, the design of dual-band 
bandpass filter with good passband selectivity, wide stopband, 
and a compact size remains challenging. 
In this paper, a dual-band bandpass filter with a competitive 
size is proposed. The bandpass filter consists of two half­
wavelength ()"12) spiral-resonators with loaded open-stubs, 
which are implemented with a spiral-coupled scheme. The 
dual-resonances (i.e., it and h) are introduced by the )../2 
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Fig. I. Layout of the proposed dual-band bandpass filter. 
spiral-resonators with a loaded open-stub. Meanwhile, the 
spiral-coupled scheme is employed to achieve strong passband 
enhancement around the it and h. Besides, five transmission 
zeros can be afforded by the loaded-tapping scheme, which 
can not only improve the passband selectivity, but also extend 
the upper stopband bandwidth with a good rejection level. The 
proposed filter with good frequency responses has a compact 
size as 35.96 mm x 18 mm (i.e., 0.160)..g x 0.084 )..g, where 
)..g is the micros trip guided wavelength on the substrate at the 
center frequency of 1.035 GHz). 
II. SCHEMATIC AND OPERATION 
Fig. 1 shows the layout of the dual-band bandpass filter. The 
filter consists of two )..12 spiral-resonators (i.e., ZslB s, where B s 
= Bsl + 2Bs2) with loaded open-stubs (i.e., ZolBo, Zo = Zs), 
which are implemented as a spiral-coupled scheme [1]. Be­
sides, to excite the filter, two 50n feed-lines are directly tapped 
to the ),,12 spiral-resonators, acting as the input/output (110) 
ports. To investigate the mechanism of the proposed scheme, 
the EM simulator IE3D and RT/5880 dielectric substrate with 
Er of 2.2 and a thickness of 0.508 mm are used. 
A. )../2 Spiral-Resonator with Loaded Open-Stub 
Fig. 2 depicts the simulated dual-resonances (i.e., it and h) 
current density distribution of the ),,12 spiral-resonator with 
a loaded open-stub. As illustrated in Fig. 2(a), it is notable 
that the strong current density is distributed on the )../2 spiral­
resonators, which can allocate the it. Thus, from the resonant 
condition, the it can be derived as 
c 
11 == (1) 2 (lsI + 2ls2) lEe!! 
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Fig. 2. Simulated dual-resonances current density distribution of the 
proposed scheme. (a) First resonance h. (b) Second resonance h. 
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Fig. 3_ The effect of the loaded open-stub (i.e., length 10) on the 
h. (151 = 16.12 mm and 152 = 47.74 mm.) 
where lsI + 21s2 is the physical length of the ),,12 spiral­
resonator, c is the velocity of the light in free space, and Eef f 
is the efficient dielectric constant of the substrate. Besides, it 
can be seen that the current density is mainly concentrated 
on the ),,12 spiral-resonator and loaded open-stub, as depicted 
in Fig. 2(b). This means that the strong loading effect of the 
loaded open-stub could shift the first spurious 12 of the ),,/2 
spiral-resonator downward, as shown in Fig. 3. It is seen that 
once the length 10 of the loaded open-stub increases, the 12 
decreases. However, the variation of the 10 has no effect on the 
h. Thus, it can be concluded that once the specific h is fixed 
(i.e., the physical dimensions lsI and Is2 are determined), the 
12 can be adjusted with a wide range by the loaded open-stub 
to meet the requirement of the dual-band operation. 
B. Spiral-Coupled Scheme 
The spiral-coupled scheme can afford strong enough pass­
band enhancement around the dual-resonances (i.e., h and 
h) [12]. As depicted in Fig. 2, it can be seen that the 
electric current density of the spiral-lines has an uniform 
concentration at the resonances. By making the width ws wider 
and gap gsl narrower, a smoother current distribution can be 
obtained. Therefore, the quality factor of the resonator could 
be improved with less conductor loss. As such, the ratio of the 
width Ws to gap gsl in the ),,12 spiral-resonator is optimized 
and chosen as 2: 1. Fig. 4 shows the loss responses of the 
proposed scheme. It can be seen that the conductor loss of the 
structure in both passbands is less than 0.155, which will lead 
to the competitively low passband insertion loss comparing to 
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Fig. 4. Simulated loss factors of the spiral-coupled scheme against 
frequency. (Dotted line: radiation loss; Dashed line: substrate loss; 
Solid line: conductor loss.) 
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Fig. 5. (a) Paths of the transmission zeros !zl and !z2. (b) Simulated 
current density distribution of the !z3. (c) Simulated current density 
distribution of the !z4. (d) Simulated current density distribution of 
the !z5. 
the patch scheme with low loss responses [13]. 
C. Loaded-Tapping Scheme 
As shown in Fig. 5, the location of the tapped feed-line can 
determine the paths to allocate the transmission zeros (i.e., fZl 
and fz2) around the first-resonance h, which enhance the first 
passband selectivity. The mechanism is studied as follow. The 
input equivalent admittances link (k = 1 and 2) viewed from 
the tapping position to the open ends could be generated and 
calculated as 
link = -jYs tanf31k (2) 
where Ys is the characteristic admittances of the paths, and 
lk (k = 1 and 2) is physical lengths of path k, respectively. 
Note that, the transmission zeros (i.e., fZl and fz2) can be 
finely tuned while the electric lengths of each path correspond 
to a quarter-wavelength [1]. Meanwhile, as shown in Fig. 
5(b), the current is distributed on the path 1 and path 2 of 
the upper ),,/2 spiral-resonator with a loaded open-stub. This 
means resonance occurs and the signal can not pass through 
it. Therefore, the transmission zero fZ3 is allocated when the 
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Fig. 6. Measured and simulated results of the dual-band bandpass 
filter. (go = 2.16 mm, gsl = 0.5 mm, gs2 = 4.62 mm, 10 = 24.1 mm, 
151 = 16.12 mm, 152 = 47.74 mm, and Wo = Ws = I mm.) 
total admittance of two paths at fZ3 is zero [14] as follow 
Yinl + Yin2 = 0 (3) 
As depicted in Fig. 5(c) and (d), it can be concluded that the 
mechanism to generate the fZ4 and fZ5 is similar as the fz3, 
and thus it is not repeated here. Note that fZ3 and fZ4 are 
employed to improve the second passband selectivity, and the 
fZ5 is introduced to extend the upper stopband bandwidth with 
a good rejection level. 
D. Filter Design 
The design procedure of the dual-band bandpass filter is 
shown as follows. The first step is to determine the first- and 
second-resonances (i.e., h and h) of the dual-passbands. The 
h could be properly adjusted by the A12 spiral-resonator, while 
the length (Le., lsI + 2ls2) is chosen as 180 degrees at h. 
Meanwhile, the specific 12 can be achieved by tuning the size 
(i.e., lo) of the loaded open-stub, once the h is fixed. The 
second step is to obtain the quality factors to meet the dual­
bands limits. It is found that good quality factors with low 
conductor loss can be achieved, while the ratio of the width Ws 
to gap gsl in the AI2 spiral-resonator is chosen as 2: 1. The third 
step is to determine the size of the coupling structure to satisfy 
the requirement of the coupling coefficients (i.e., kL and ku) 
for both passbands. In order to realize the desired values for 
kL and ku, the pole-splitting method [1] in conjunction with 
full-wave simulations are employed. It is found that the gaps 
gs2 and go are the critical elements to dominate the kL and 
ku, respectively. So far, the initial dimensions of the proposed 
filter can be obtained, and the fine tuning can be carried out 
to meet the practical specifications. 
Based on the procedures above, a dual-band bandpass filter 
at 1.035 and 1.56 GHz is designed and fabricated. The mea­
surement is performed using Agilent 5230A network analyzer. 
As shown in Fig. 6, the filter exhibits the insertion loss less 
than 1.39 dB, including the loss from the SMA liD ports (i.e., 
0.7 dB in both passbands), and the return loss better than 20 dB 
in both passbands, respectively. Besides, the filter can generate 
five transmission zeros (0.887, 1.198, 1.313, 1.666, and 2.469 
GHz) in the stopband, which provide the wide stopband with a 
good rejection level and much improved passband selectivity. 
In addition, the proposed filter exhibits a compact circuit size 
as 35.96 mm x 18 mm (Le., 0.160 Ag x 0.084 Ag, where 
Ag is the microstrip guided wavelength on the substrate at the 
center frequency of 1.035 GHz). 
III. CONCLUSION 
In this paper, a compact dual-band bandpass filter is pro­
posed based on the A12 spiral-resonators with loaded open­
stubs, which can employ the finely adjusted dual-resonances. 
Meanwhile, the spiral-coupled scheme can introduce the strong 
enough dual-band passband enhancement around the dual­
resonances. Besides, five transmission zeros are employed by 
the loaded-tapping scheme. These transmission zeros can not 
only improve the passband selectivity, but also extend the 
stopband bandwidth with a good rejection level. With good 
frequency performance and a compact size, the proposed filter 
is attractive to the dual-band wireless applications. 
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